We report an accurate method, based on capillary on-column gas chromatography, for determining triglycerides in human serum. After serum extraction and chemical hydrolysis, glycerol is directly measured by gas chromatography (GC). With our extraction method no free glycerol is extracted from serum. The accuracy of this method was compared with that of a method based on the original procedure of Carlson (J. Atheroscler. Res. 3, 334-336 (1963)) and which is standardized by the Centers for Disease Control (CDC, Atlanta, U. S. A.). Orthogonal regression analysis of the GC method (y) and the CDC reference method (x) resulted in y = 0.996 + 0.000 with a correlation coefficient of 0.999. The variances of analytical data, collected over a two month period showed that, for the GC method, the within-day coefficient of Variation (CV) was < 1.43%; the between-day CV < 1.35%. The data for the CDC method were < 3.36% (within-day) and < 6.38% (between-days). The CDC method is linear up to 3.7 mmol/1 and the GC method to 22 mmol/1.
Introduction ing for free glycerol is a di ff icu i t pro blem. Therefore Usually triglycerides are determined in serum and chemical methods are used äs comparative methods. plasma by hydrolysing the triglycerides and determin-At present there is no officially recognized reference ing the released glycerol enzymatically. These method (1).
The Centers for Disease Control (CDC, Atlanta, U. S. A.) have standardized a modification of the method of Carlson (2) . The principle of this method is that of the classical method of Van Handel & Zilversmit (3) . Lipids are extracted from serum or plasma with chloroform-methanol, followed by removal of phospholipids with silicic acid from the extract, hydrolysis of the triglycerides with ethanolic potassium hydroxide and determination of the released glycerol with chromotropic acid. The CDC has certified this method for use in our laboratory s a Potential reference method within the WHO Cooperative Cholesterol and Triglycerides Standardization Programme and the CDC-NHBLI Lipid Standardization Programme. It is a laborious method, especially the removal of the phospholipids and free glycerol with silicic acid. Moreover the precision of the determination of glycerol with chromotropic acid is not very satisfactory.
We replaced the chromotropic acid method by oncolumn gas chromatography, and to avoid the adsorption step with silicic acid we used a more selective extraction procedure. We compared our GC-method with the CDCmethod.
Materials and Methods

Glassware and sampling device
We used an 100 ml certified class A Volumetrie flask for preparing calibration Solutions.
For hexane, we used 6 ml Volumetrie certified class A pipettes; the pipetting precision was checked by sampling hexane ten times and weighing the sample, which resulted in a coefficient of Variation of 0.12% (CV). All other sampling was done with SMI displacement pettors (Scientific Manufacturing Industries Inc.). Serum (0.5 ml) sampling was gravimetrically checked ten times. The precision (CV) was 0.21%. All other sampling was gravimetrically checked and the precision (CV) was always < 0.14%. All tubes (13 χ 105 mm) were screw-capped with teflon inlayers. Hamilton 701 SN needles (Bonaduz, Switzerland) were used for on-column injection.
Standard and reagents Glycerol Standards were made in analytical grade ethanol. Glycerol (anhydrous) was purchased from J. T. Baker Chemical Co. (Phillipsburg, U. S. A.). The internal Standard, meso-erythritol was purchased from Merck (Darmstadt, F. R. G.) and the stock soiution was made in ethanol at a concentration of 1000 ± l mg/1. A 5000 mg/1 triolein Standard soiution in saline was obtained from Sigma (St. Louis, U. S. A.). Soiution C was made by adding 2.1 ml hydrochloric acid (370 g/kg) and 5 ml meso-QTyihnto\ stock soiution to 90 ml ethanol. Hydrochloric acid was used to neutralize the KOH, and meso-erythntol was added s internal Standard.
The silylation reagent Trisil-BSA in DMF, packed under nitrogen, was purchased from Pierce Chemical Co. (Rockford, Illinois, U. S. A.). Potassium hydroxide was purchased from Riedel-de Haen (Hannover, F. R. G.)· Ethanolic potassium hydroxide was made by dissolving 19 g potassium hydroxide in 100 ml demineralized water; from this soiution 6 ml were diluted with ethanol to a final volume of 100 ml. All other reagents were from Merck (Darmstadt, F. R. G.).
Sample preparation for GLC . f Sera were directly assayed or stored at -20 °C until use. All mixing was done on a Vortex mixer.
To 3 ml methan l in screw^capped tubes, 0.5 ml serum was added drop by drop and vortex-mixed for 10 s. Then 6 ml hexane was added and all tubes were stoppered and mixed for 15s. All tubes were placed in a water bath at 60 °C. After 20 min incubation all tubes were again mixed for l min. The precipitate in the methanol-layer was centrifuged (1200g, 5 min) and 3 nil of the hexane supernatant was transferred to new tubes. The hexane supernatant was evaporated in vacuo at 38 ± 2 °C, for l h, 45 min. Glycerol Standards in ethanol (0.5 ml) were also evaporated under the same conditions. Alcoholic potassium hydroxide (l ml) was added to the residues and mixed for 15s.
All tubes were capped and placed in a water bath at 70 °C for 30 min. After cooling the tubes to room temperature, 2 ml pf soiution C were added and mixed for l min. The potassium chloride precipitate was sedimented by centrifugation (1200g, 5 min). One ml of the supernatant was evaporated in vacuo at 38 ± 2 °C for l h, 30 min. After cooling the tubes to room temperature, 150 μΐ Trisil-BSA were added to the residues and directly mixed for 15 s. All tubes were centrifuged (1200g, l min) then placed in an oven at 50 °C for 10 min. After cooling to room temperature, 1.5 ml hexane was added and mixed for l min. Finally all tubes were centrifuged (1200 g, l min). From the hexane-layer, 0.5 μΐ was directly injected on-column.
Gas Chromatographie conditions
We used a gas Chromatograph Model Fractovap 4160 equipped with a semi-autoniated on-column injector and flame ionization detector, all fr m Carlo Erba (Milan, Italy).
The column was a fused silica OV-1 capillary column (15 m χ 0.32 mm) with a film thickness of 0.3 μπι.
The carrier gas was ultra-pure helium and the inlet pressure was 0.7 bar (70.72 kPa). The volume of the injected sample was 0.5 μΐ. The temperature of the injector was 80 °C, and this temperature was held for 3 min after injection. The oven temperature was then prpgrammed to increase to 260 °C at 15 °C/min; then the temperature was held for 7 min. The detector temperature was 300 °C. The glycerol concentrations were calculated by comparing the peak area ratio glycerol : erythritol.
From 3 Standards and a blank, a linear regression analysis was made. The areas of the peaks were digitalized by a reporting data processor Chromatopac C-R1B (Shimadzu Corp. Tokyo, Japan).
Recovery and linearity
Recovery was checked by adding 100 μΐ of soiution A pr B to three serum pools. Soiution A was made by dissolving 455 mg Jripalmitin in 100 ml hexane. Soiution B was a triolein soiution (5000 mg/1) in saline purchased from Sigma (St. Louis, U. S. A.)
We also mixed samples with known triglyceride Contents, determined by our GC-method. Linearity was evaluated by diluting a^patient sample several times.
Results
Measured accuracy
We compared the results of our gas-liquid Chromatographie method with the data from the CDC-reference method. We evaluated two CDC pools with certified values. The data are presented in table 1.
Precision
The within-run and between-run precision of the CDC-reference method and the GC method was evaluated by analysing patient pools. Free glycerol
In order to check if there was any free glycerol extracted by our method, we dissolved 33.0 mg glycerol in 0.5 ml saline (i. e. 358 mmol/1) and this was treated äs all other samples. The resulting chromatogram did not differ from a blank, äs can be seen in figure 2 . The existence of a little peak in the blank is probably due to the presence of some glycerol in the potassium hydroxide (4).
Method comparison
We evaluated data from 37 patient sera in a two month period and compared the gas Chromatographie method (GC) (y) with the Carlson method (x), certified by CDC.
The analytical r nge of triglycerides in the patient sera was 0.23-3.04 mmol/1.
A graphic representation of the orthogonal regression (5) analysis of both methods is shown in figure 3 .
The data were subjected to statistical analysis including the Wilcoxon matched-pairs rank test and the Student t-test. From the Wilcoxon matched-pairs rank test it was concluded that both methods were not significantly different (p < 0.01). The mean differehce was -0.0010 mmol/1 and the SEM was 0.0044 mmol/1, and according to the Student t test we coneluded that the results from the two methods are not significaritly different.
A typical chromatogram is shown in figure 4 ; the retention times were reproduciole within 0.01 min. Except for erythritol and glycerol, no peaks were identified. Prices are subject to change without notice
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Discussion
In the comparative methods (potential reference methods) for triglycerides, glycerol is released-by saponification with alcoholic potassium hydroxide. Glycerol is then oxidized to form aldehyde, which is measured colorimetrically after reaction with chromotropic acid (Eegriwe's reaction) or is measured colorimetrically or fluorornetrically after reaction with acetylacetone and ammonium acetate (Hantzsch condensation) (1).
We successfully replaced the oxidation of glycerol and the measurement of formaldehyde by direct measurement of the glycerol released by saponification. For this purpose we used capillary on-column gas chromatography after derivatization. The precision of the GC-method is much better than the colorimetric method (tab. 2).
Blanking for free glycerol is a difficult problem in the quantitative analysis for triglycerides. Ter Welle (6) reported a free glycerol concentration of 0.07 mmol/1-2.0 mmol/1. It is assumed that silicic and/or zeolite removes free glycerol. Soloni (7) used a nonane-isopropanol extraction mixture to avoid the absorption
Step. But the nonane.phase contained 1.5% of the total phosphorus content of the sample and 6.5% of the triglyceride were lost during the procedure. We developed an easy, selective extraction method with methanol-hexane, which does not extract free glycerol ( fig. 2) . We analysed the ethanolic potassium hydroxide solution after hydrolysis for the presence of inorganic phosphate.
We compared our GC method with the CDC-method used in our laboratory äs a comparative method. We analysed samples from two CDC pools with certified values, in order to compare the accuracy and the precision of both methods. The results, summarized in table l, show that our GC method has the same accuracy äs the CDC-method. The precision of the GC-method is much better than the precision of the CDC-method.
We suggest that this GC-method is a suitable alternative to the Carlson method.
